U terine leiomyomata, known commonly as uterine fibroids, are present in a vast majority of women of reproductive age. 1 clinically significant disease is characterized by an increase in uterine size, heavy menses potentially leading to anemia, pelvic pain, increased urinary frequency, and abdominal distension. 2,3 cumulative incidence of uterine leiomyomata is approximately 70% in white women and 80% in african american women by the age of 50 years. 4 However, cumulative incidence of clinically significant disease ranges between 15% and 30%. 1 treatment interventions include hormonal regulation of menses and surgical myomectomy in refractory cases. 5 For women who have completed childbearing, hysterectomy is the standard treatment for uterine leiomyomata-related symptoms. 6 Many risk factors for uterine leiomyomata have been evaluated, including lifestyle, diet, and anthropometric, genetic, and hormonal factors. Uterine leiomyomata are hormonally responsive clonal tumors of the uterus and are further categorized by their location in the uterus. 7 a number of studies have evaluated exposure to environmental endocrine disruptors such as diethylstilbestrol 8, 9 (with mixed results), phenols 10 (null), dioxin 11 (protective), and polychlorinated biphenyls (increased). 12 a recent study evaluated exposure to polycyclic aromatic hydrocarbons (another environmental estrogen-like compound) and the odds of uterine leiomyomata expressing the aryl hydrocarbon receptor. 13 living closer to a polycyclic aromatic hydrocarbon-producing industry was associated with increased odds of uterine leiomyomata with aryl hydrocarbon receptor overexpression. 13 air pollution is a major source of polycyclic aromatic hydrocarbons. 14 Furthermore, components of air pollution have been shown to have hormonal activity and to bind the aryl hydrocarbon receptor in in vitro studies. [15] [16] [17] it is unknown whether air pollution exposure is associated with the occurrence of uterine leiomyomata.
METHODS

Study Population
the nurses' Health Study ii is a prospective cohort study of US female nurses. the cohort was initiated in 1989 when 116,686 female US registered nurses, 25 to 42 years old, completed a mailed questionnaire and provided informed consent. at baseline, the nurses resided in 14 states (california, connecticut, indiana, iowa, Kentucky, Massachusetts, Michigan, Missouri, new York, north carolina, Ohio, Pennsylvania, South carolina, and texas); there is now at least 1 cohort member in all 50 states. Follow-up questionnaires, with response rates above 90%, are mailed every 2 years to update information on risk factors and the occurrence of major illnesses. these questionnaires also provide biennially updated information on residential addresses. Women were included in the current study if they were alive at the given questionnaire cycle, premenopausal, free of cancer (other than nonmelanoma skin cancer), had intact uteri, and did not have a diagnosis of uterine leiomyomata before 1993. in addition, women were included only if they had at least 1 home address within the continental United States that could be geocoded to the street segment to allow the assignment of exposure (80-90% of the addresses for each biennial questionnaire cycle were successfully geocoded to the street segment level).
Assessment of Outcome
initial assessment of uterine leiomyomata was performed in the 1993 questionnaire. Participants were asked if they had ever had a previous diagnosis of uterine leiomyomata and, if yes, to provide the date of diagnosis and method of confirmation (pelvic examination, ultrasound, or hysterectomy). Subsequent questionnaires asked each woman if she had been diagnosed with uterine leiomyomata before, during, or after the current 2-year study period. During the follow-up intervals, women were considered a case only if the diagnosis was confirmed via ultrasound or hysterectomy. cases of uterine leiomyomata reported with only a pelvic examination as the method of confirmation were censored at the time of diagnosis and were not considered cases. if these women later confirmed a diagnosis of uterine leiomyomata by either ultrasound or hysterectomy, they were then counted as a case at the time of the original report. For all cases, the midpoint between receipt of the questionnaires before and after diagnosis was assigned as the date of diagnosis. We used date of diagnosis to mark uterine leiomyomata incidence rather than the initiation of uterine leiomyomata development. Marshall et al 18 performed a validation study of 243 nurses' Health Study ii participants who selfreported a new diagnosis of uterine leiomyomata confirmed by ultrasound or hysterectomy. Self-report was compared with medical record review; the average confirmation rate was 93%.
Exposure Assessment
We used distance to road at each biennial questionnaire address as a proxy for traffic exposure. Distance to road (in meters) for all available addresses from September 1989 to May 2007 was determined using geographical information System (giS) software (arcgiS 9.2; eSri, redlands, ca). road segments from the eSri StreetMap Pro 2007 files were selected by US census Feature class code to include the following: a1 (primary roads, typically interstate highways, with limited access, division between the opposing directions of traffic, and defined exits), a2 (primary major, noninterstate highways and major roads without access restrictions), or a3 (smaller, secondary roads, usually with more than 2 lanes). Previous studies [19] [20] [21] [22] [23] have shown an exponential decay in exposures with increasing distance from a road, with levels equal to background concentrations at 150 to 200 m. Based on this information and on the distribution of distance to road in this population, we categorized the exposure based on distance (0-50, 51-199, and 200+ m). to determine whether larger roads (with more traffic) had a greater association with uterine leiomyomata risk, we also examined models restricted to a1 and a2 roads only.
Predicted ambient exposure to PM 10 , PM 10-2.5 , and PM 2.5 is available for each month since January 1988. these values have been generated for each address in the residential address histories of each cohort member, using nationwide expansions of previously validated spatiotemporal models. 24, 25 the models use monthly average PM 10 or PM 2.5 data from the US environmental Protection agency's air Quality System, a nationwide network of continuous and filterbased monitors, as well as monitoring data from various other sources. the models also incorporate a number of giS-based predictors such as population density, land use, elevation, distance to road, and PM point sources, and meteorology. all PM data and giS data were used in generalized additive statistical models, 26 with smoothed terms of space and time to create separate PM prediction surfaces for each month. By subtracting monthly PM 10 and PM 2.5 values, information was also available on PM 10-2.5 . Because the etiologic window during which air pollution would influence uterine leiomyomata is unknown, we calculated 3 chronic exposure measures: the average air pollution in the prior 2 calendar years, the average air pollution in the 4 prior calendar years, and a time-varying cumulative average exposure.
Additional Covariates
information on potential confounders and effect modifiers is available every 2 years. therefore, when appropriate, each woman was assigned updated covariate values from each questionnaire cycle. We examined possible confounding by numerous risk factors for uterine leiomyomata, including age (in months), race (white versus other), smoking status (current/former/never), body mass index (BMi, in kg/m 2 ), age at menarche (≤9, 10, 11, 12, 13, 14, 15, 16 , ≤17 years), parity (nulliparous/parous), age at first birth (≥26, 26-30, ≥31 years), age at last birth (≥26, 26-30, 31-35, ≥36 years), time since last birth (<1, 1-3, 4-5, 6-7, 8-9, 10-12, 13-15, ≥16 years), total months of exclusive breastfeeding (none, 1-3, 4-6, 7-12, 13-18, 19-24, 25-36, ≥37 months), oral contraception use (never, current, former), antihypertensive use (yes/ no) and diastolic blood pressure (<65, 65-74, 75-84, 85-89, ≥90 mmHg), overall diet quality as measured by the alternative Healthy eating index, 27 physical activity (Met-hours/ week), individual-level socioeconomic status (SeS; marital status, household income, and if the nurse lived alone), and area-level SeS (census tract-level median home value and median family income). to adjust for potential differences in PM composition or diagnosis patterns by region of the country, we also considered adjustment for region (northeast, Midwest, South, West). to determine potential confounding, each variable (or set of indicator variables) was added separately to a model including age and race a priori. Variables that changed the effect estimates of the exposure of interest by 10% or more were considered to be confounders of the relationship between traffic or air pollution and uterine leiomyomata risk and were included in "parsimonious" models. 28 to examine the impact of all potential confounders, we also present models adjusted for all considered factors.
Statistical Analysis
as noted above, exposure information was updated every 2 years, and so we used prospective time-varying cox proportional hazards models to assess the relationship of distance to road or of PM with uterine leiomyomata. We used cubic splines to test for the linearity of all continuous exposures. Person-months of follow-up time were calculated from 1 July 1993 until censoring. censoring occurred at the following: onset of menopause, hysterectomy, cancer diagnosis, death, loss to follow-up, or the end of follow-up (30 June 2009). all models were based on a biennial time scale and were used to estimate hazard ratios (Hrs) and 95% confidence intervals (cis). to tightly control for age and calendar year, we estimated separate baseline hazards for age in months and calendar year in the cox models. Statistical analyses were performed in SaS version 9.2 (SaS institute, cary, nc). in sensitivity analyses to examine associations with more severe cases of uterine leiomyomata, we ran models restricted to only those cases of uterine leiomyomata confirmed by hysterectomy. to determine whether there was effect modification by age, we performed models stratified by age (dichotomized at age 35 years) and created multiplicative interaction terms to assess differences in age strata-specific Hrs and 95% cis.
RESULTS
the study population included 85,251 women. Selected characteristics of the population over the full period of followup are presented in table 1 for the full cohort and by category of distance to roads. the mean age during follow-up was 43 (standard deviation = 5.3) years, the cohort was mostly parous, and over two-thirds were never-smokers. there was little difference in covariates (age, BMi, income, race, and age at menarche) among the distance-to-road categories, with the exception of a trend toward lower parity among women living closer to a major roadway and of women in the northeast living closer to roadways then women in other regions. the mean and median levels at each of the time windows were similar within each pollutant, and there were wide ranges for all pollutants (table 2) .
among 837,573 person-years of follow-up, we identified 7760 incident cases of surgically or ultrasonographically confirmed uterine leiomyomata. in models adjusted only for age and calendar time, living closer to a roadway was associated with small elevations in the risk of uterine leiomyomata (table 3) . the following variables met our definition of confounders and were included in our parsimoniously adjusted models: BMi, parity, age at first birth, age at last birth, total months of exclusive breastfeeding, months since last birth, individual-and area-level SeS, antihypertensive drugs, diastolic blood pressure, and region of the country. there was little difference in the results from the parsimoniously and multivariable-adjusted models, and in the full cohort, no associations were observed between distance to road and uterine leiomyomata.
there was no statistical evidence of deviations from linearity for any of our continuous measures of PM; therefore, we present the results in terms of a 10 μg/m 3 increase. again, there was little difference between the parsimoniously and multivariable-adjusted models. there was no association observed between increasing exposure to PM 10 or PM 10-2.5 and risk of uterine leiomyomata in any of the time windows examined in the full cohort (table 4) . However, we did find associations for PM 2.5 ; each 10 μg/m 3 increase in 2-year average exposure to PM 2.5 was associated with an Hr of 1.08 (95% ci = 1.00-1.17); 4-year average exposure, 1.09 (0.99-1.19); and time-varying cumulative average exposure, 1.11 (1.03-1.19). in models stratified by age, these results were stronger among the younger women, although without statistical evidence of effect modification (results not shown).
in analyses restricted to cases diagnosed by hysterectomy only (2183 cases), there was little evidence of relationships between uterine leiomyomata risk and distance to road or any of the measures of PM (results not shown).
DISCUSSION
We did not observe an overall relationship between distance to road or larger size fractions (PM 10 , PM 10-2.5 ) of particulate matter or residential distance to road and the risk of uterine leiomyomata. a suggestive association was seen between exposure to the smallest particles (PM 2.5 ) and increased uterine leiomyomata risk that was consistent across all time windows of exposure. there was also a suggestion of higher and more consistent risks among women 35 years of age or younger, although there was no statistical evidence of effect modification by age.
to the best of our knowledge, no other study has examined the impact of air pollution on the risk of uterine leiomyomata. However, a handful of studies have examined the impact of cigarette smoking, which produces a much higher exposure to particles. a case-control study performed in italy demonstrated a protective effect of tobacco smoking on the odds of of residence  northeast  34  32  36  41  Midwest  34  36  31  31  West  15  13  20  14  South  17  19  13  13 Values are standardized to the age distribution of the study population. a each cohort member may be in multiple distance categories over follow-up. b Value is not age-adjusted.
uterine leiomyomata. 29 a study of risk factors for surgically removed uterine leiomyomata in the california teachers Study (a prospective cohort study) also demonstrated a protective effect in smokers. 30 the Black Women's Health Study 31 and nurses' Health Study ii, 32 2 large prospective studies evaluating tobacco smoking and the risk of uterine leiomyomata, reported null associations between tobacco smoke exposure and risk of uterine leiomyomata. the Uterine Fibroid Study evaluated risk factors with subtypes of uterine leiomyomata categorized by tumor location (submucosal, intramural, subserosal, and diffuse disease); this study demonstrated increased risk of diffuse uterine leiomyomatosis in tobacco smokers. 33 However, comparisons between air pollution and tobacco smoking must be undertaken cautiously, as studies have suggested that tobacco smoke has an antiestrogenic effect, 34, 35 whereas limited in vitro studies have suggested estrogenic effects of air pollution. 16 Furthermore, there is a paucity of data evaluating the effects of second-hand smoke exposure on uterine leiomyoma risk. this study has limitations to consider. We used ambient exposures as a proxy for personal exposures, likely leading to exposure misclassification. For example, we have no information on the proportion of each day a woman spent at home or on the characteristics of the home (eg, age, ventilation rate, air purification systems), that may affect the levels of ambient PM or traffic pollution she experienced. However, studies suggest that ambient measurements are an acceptable surrogate [36] [37] [38] for personal exposures in most populations, and regulation focuses on ambient levels. 39 although we were able to control for the history of personal cigarette smoking, we are unable to control for second-hand smoke exposure. another limitation is that the nurses' Health Study ii cohort is not representative of the general US population in terms of SeS and race. the cohort is predominantly white, with residence in neighborhoods of medium to high SeS. Hence, we were unable to evaluate effect modification by race. Finally, our strict definition of uterine leiomyomata allowed us to identify clinically symptomatic uterine leiomyomata. However, we were unable to assess the impact of air pollution exposure on the development of nonclinically evident uterine leiomyomata disease. as with any study, residual or unmeasured confounding may explain our small elevations in risk. b adjusted for age, calendar time, race, and covariates that consistently changed the effect estimates at least 10% in univariate models (current body mass index, parity, age at first and last birth, time since last birth, total months of exclusive breastfeeding, antihypertensive medication use and blood pressure, region of the country, individual-level SeS [marital status, household income, live with others or alone], and census tract level median income and median home value). c adjusted for age, calendar time, race, current body mass index, smoking status, overall diet quality, physical activity, infertility, parity, oral contraceptive use, age at menarche, age at first and last birth, time since last birth, total months of exclusive breastfeeding, antihypertensive medication use and blood pressure, region of the country, individual-level SeS (marital status, household income, live with others or alone), and census tract level median income and median home value. d reference category.
this large study has several notable strengths. We had 14 years of detailed residential address history and included only residential addresses with a street segment-level geocoding match. the use of only street segment-level matches likely reduced exposure misclassification compared with matches to a zip-code centroid or other administrative boundaries (census tract, county, etc). Prospective information on several covariates was collected biennially, allowing for time-varying control of confounding variables. Self-report of uterine leiomyomata had been validated with excellent concordance between medical record and self-report. 18 the use of individual residential-specific monthly pollution exposures is state-of-the-art and allows us to examine various time windows of exposure. the geographic distribution represented by the participants of this study provides information on most environments throughout the continental United States.
this study identified a modest association between chronic fine PM exposure and incidence of uterine leiomyomata and a suggestion between distance from road and uterine leiomyomata incidence among women 35 years of age and younger. repeat studies are needed to confirm these associations. Furthermore, studies looking at the association between air pollution and fibroids may be warranted in countries with much higher levels of air pollution. 
